Highlights
)
175
We found two pair of neurons that showed an excellent morphological match to the MDNs in A18b activity.
250
We showed above that A18b has direct synaptic connectivity to motor neurons and is 
256
We wanted to test whether activation of A18b in segment A1 could induce backward 257 waves of motor neuron activity. Unfortunately, the A18b-Gal4 line is not expressed in A1,
258
precluding this experiment; moreover, it has "off-target" expression in the brain and in the 259 VNC; these off-target neurons don't prevent monitoring A18b activity because they don't 260 overlap with A18b arbors, but they make it impossible to selectively activate or silence A18b. In neurons. In addition, we observed that every time MDNs were active, the Pair1 neurons were 276 co-active (n=5; Figure 6C ), although Pair1 could be active alone (n=5; Supplement to Figure 6 ).
277
We conclude that MDNs activate the Pair1 neurons, and that other mechanisms exist for 278 activating Pair1 as well.
279
We next used two methods to determine whether Pair1 neurons are preferentially active 
308
Consistent with an inhibitory relationship, we observed that Pair1 and A27h are not co-active
309
(Supplement to Figure 7) . We conclude that activation of the GABAergic Pair1 neurons inhibit
310
A27h and prevent forward locomotion.
311
Our results suggest that Pair1 suppression of forward locomotion may be an essential Figure 7D ).
317
We observed that silencing Pair1 alone had no effect on forward locomotion ( Figure 7E , i-ii), addition to MDN that activate Pair1 during backward locomotion remain to be discovered.
413
The least understood MDN output to motor neurons is the MDN-ThDN-A27k/l pathway. with AbberiorStar635P, 1:1000, NanoTab Biotech., Gottingen, Germany), GABA (rabbit, 1:1000, Sigma, Electron microscopy and CATMAID
496
We reconstructed neurons in CATMAID using a Google Chrome browser as previously described 497 (Ohyama et al., 2015) . Figures were generated using CATMAID graph or 3D widgets.
499

Chrimson and GtACR behavioral experiments
500
Embryos were collected for 4 h on standard 3.0% agar apple juice collection caps with a thin layer of wet were imported to FijI (https://imagej.net/fiji) by which GCaMP6m and jRCaMP1b channels were separated.
539
The ΔF/F0 of each channel was calculated as (F-F0)/F0 , where F0 was averaged over ~1s immediately before 540 the start of the forward or backward waves in each ROI.
542
Functional connectivity assays
543
Freshly dissected brains were mounted in HL3.1 saline as described above, with the exception that the Adult flies were allowed to lay eggs on standard culture medium that was supplemented with 1µM RU486 588 and 2mM ATR. After 24 hours, light-induced backwards crawling larvae were transferred to culture medium 589 supplemented with 2mM ATR and grown to adulthood. 2-6 day-old adult flies were individually transferred 590 into a 10ml serological pipette for walking assay. Red-orange light from a 617nm high-power LED was fiber-
591
coupled to a 200µm core optical cable that was manually triggered via a T-Cube LEDD1B driver (ThorLabs,
592
Newton, NJ, USA). Optogenetic stimulation was measured via a photodiode power sensor (S130VC, 
